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1.1. Synthesis and SAR of analogues of the M1 allosteric agonist TBPB
The GPCR family A contains members of the muscarinic acetyl-
choline receptor family that mediate the metabotropic actions of
the neurotransmitter acetylcholine. Five distinct subtypes of mus-
carinic acetylcholine receptors (M1–M5) have been cloned and se-
quenced. Each of them regulate cholinergic signalling and play a
critical role in a wide variety of CNS and peripheral functions, for
example memory and attention mechanisms, and nociception.
Thus, agents that can selectively modulate the activity of speciﬁc
muscarinic acetylcholine receptors have therapeutic potential in
multiple pathological states, including Alzheimer’s disease and
schizophrenia.
There are however barriers to drug discovery in this area. Due to
the high sequence conservation within the orthosteric binding site
of the ﬁve muscarinic acetylcholine receptor subtypes, to date it
has been difﬁcult to develop subtype selective ligands. Recently,
the structure of TBPB (1) has been described, which is a potent,
centrally active and highly selective M1 allosteric agonist. How-
ever, TBPB represented an un-optimised screening lead with un-
wanted antagonist activity at D2 (IC50 = 5.1 lM). In the past,
work has focussed on incorporating alternative benzyl moieties
to afford compounds with equivalent M1 efﬁcacy and muscarinic
acetylcholine receptor selectivity, but no D2 inhibitory activity.
Recent work describes the synthesis, SAR and pharmacological
proﬁle of new TBPB analogues.1 In this paper, the benzyl moiety
has been replaced with either an amide, sulphonamide or urea
linkage in order to determine the effects on muscarinic acetylcho-
line receptor activation through capping of the distal nitrogen
atom and altering the basicity, and topology of TBPB. Several small
libraries of amide, sulphonamide and urea derivatives have been
prepared, totalling 53 compounds made by parallel synthesis.
The library was screened at 10 lM concentration against the M1
receptor, followed by full concentration–response curves against
all of the muscarinic M1–M5 receptors.
Several active allosteric binding compounds were identiﬁed
from this screening effort. One of the most potent compounds dis-
covered was 2which possessed an EC50 for M1 activation of 1.4 lMdoi:10.1016/j.comche.2009.09.001
E-mail: nterrett@ensemblediscovery.comand complete selectivity for M1 versus M2–M5. Other results were
consistent with work on other allosteric ligands that suggest that
the allosteric binding site for TBPB and related analogues is shal-
low. Further work and reﬁnements to the TBPB scaffold will broad-
en our understanding of SAR in these series of compounds.1.2. Synthesis and biological evaluation of a focussed library of
beauveriolides
A critical stage in the formation of atherosclerotic plaques is li-
pid droplet accumulation in macrophages. As the formation of pla-
ques limits blood ﬂow and ultimately leads to myocardial
infarction and stroke, inhibitors of lipid droplet accumulation in
macrophages would be beneﬁcial for the treatment of atheroscle-
rosis. The beauveriolides, a family of cyclic depsipeptides isolated
from a culture broth of Beauveria sp. FO-6979, can act as inhibitors
of lipid droplet accumulation in mouse macrophages. For example,
beauveriolide I (3) was found to dose-dependently reduce the
number and size of lipid droplets in mouse macrophages without
cytotoxicity, and to inhibit cholesteryl ester synthesis with an
IC50 value of 0.78 lM.
Building on previous work that established a method for combi-
natorial synthesis of beauveriolide analogues using a 2-chlorotrityl
chloride linker, and evaluation of their inhibitory activity against
cholesteryl ester synthesis in mouse macrophages, a recent publi-
cation has investigated the effects of substituents on the L-Ala and
D-Leu substituents in 3, and has also evaluated their acyl-CoA:cho-
lesterol acyltransferase inhibitory activity in cell- and enzyme-
based assays.2
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derived from diverse amino acid building blocks. The synthesis
of ﬁnal library members proceeded as follows: cyclic products of
general structure 4 were prepared by coupling of a ﬁrst amino
acid onto 2-chlorotrityl chloride resin. Deprotection of the Fmoc
group protecting the amino acid nitrogen, followed by standard
iterative peptide couplings with further amino acid building
blocks, afforded a tripeptide. After subsequent deprotection from
solid phase using 4 M HCl, followed by solution phase cyclisation,
a depsipeptide of general structure 4 was obtained. The library
members thus generated were screened for their effect on acyl-
CoA:cholesterol acyltransferase activity by measuring the
cholesteryl ester synthesis of lipid droplets in a mouse macro-
phage assay, and also in an enzyme assay using mouse liver
microsomes.
A number of active compounds were obtained. One of the most
potent compounds identiﬁed was 5 which possessed an IC50 value
of 20 nM in the cell-based assay for cholesteryl ester synthesis of
lipid droplet accumulation in macrophages. This work has aided
our understanding of SAR in this series of compounds, and further
work in this area could potentially provide compounds with drug
like properties.
2. A summary of the papers in this month’s issue
2.1. Solid-phase synthesis
A solid-phase synthesis of 2-alkylidene-6-alkyl-imidazo[2,1-
b]thiazole-3,5[2H,6H]-dione derivatives has been reported. The de-
sired products were obtained in good purities and yields.3
The development of a new solid-phase synthetic method for a-
alkylserines in which phase-transfer catalytic alkylation of poly-
mer-supported 2-phenyl-2-oxazoline-4-carboxylate is the key step
has been described. The easy preparation of the polymer-sup-
ported substrate, the high chemical yield (up to 93%), and the mild
cleavage conditions could make this method very practical for the
synthesis of a-alkylserines.4
2.2. Solution-phase synthesis
The synthesis of all four regioisomers of fused pyrrolidino-pyr-
idines in a one-pot two-step sequential Ugi-inverse electron de-
mand Diels–Alder reaction has been described. In a similar
manner, fused pyrrolidino-pyrazines, pyrrolidino-pyrimidinesand azepinone pyridines can also be obtained in consecutive syn-
thetic sequences suitable for combinatorial chemistry.5
The three-component coupling of naphthol, alkyne and alde-
hyde has been achieved in the presence of 10 mol% gallium(III)
chloride in toluene under reﬂux conditions to give the correspond-
ing 1,3-disubstituted-3H-benzo[f]chromenes in good yields. This is
the ﬁrst example on the preparation of chromenes from naphthol,
alkyne and aldehyde and provides a route suitable for parallel
synthesis.6
Aldehyde, alcohol, azide, and alkyne reagents undergo smooth
coupling by means of acetal formation, azidation, and a subsequent
‘click reaction’ in the presence of copper(II) triﬂate and copper me-
tal in acetonitrile. The method provides a convenient route to pre-
pare a wide range of a-alkoxy-1,2,3-triazoles in good yields via a
one-pot, four-component reaction.7
Hydrophobically tagged prolyl peptides have been synthesised
using an electrochemically modiﬁed prolyl moiety. The hydropho-
bic tag served a useful handle for the repetitive reaction/separation
steps during solution-phase peptide synthesis.8
2.3. Scaffolds and synthons for combinatorial libraries
Synthesis of macrocyclic glycal-based scaffolds for diversity-
oriented synthesis has been studied and demonstrated using mac-
rocyclic enyne ring-closing metathesis. The roles of ring size, al-
kyne substitution, and orientation relative to the glycal were
studied, and in all cases, the cyclisation showed preference for
the thermodynamically favoured endo-mode of closure and a
trans-double bond at the ring-closure site. The resultant macrocy-
clic scaffolds all containing multiple orthogonal functional groups
available for further diversiﬁcation.9
2.4. Solid-phase supported reagents
A new triphenylphosphine reagent linked to a linear malei-
mide-styrene copolymer has been synthesised and found to be
effective for the formation of a variety of imines via the Stauding-
er/aza-Wittig reaction. This linear polymer-supported triphenyl-
phosphine has a unique solubility behaviour and provides a
simple means of purifying the desired imine from the phosphine
oxide by-product.10
A novel multi-component reaction of indoles, formaldehydes,
and tertiary aromatic amines has been described for the synthesis
of dialkylaminoarylated indoles using silica-supported perchloric
acid (HClO4–SiO2) as an inexpensive and highly efﬁcient catalyst.
The key features of this multi-component reaction are operational
simplicity, mild reaction conditions, regioselectivity, as well as the
capability for recycling of the catalyst.11
2.5. Novel resins, linkers and techniques
A bacterial N-acetylhexosamine kinase, NahK, with broad sub-
strate speciﬁcity towards structurally modiﬁed GalNAc analogues
has been described, and this kinase has been used for the produc-
tion of a GalNAc-1-phosphate library.12
2.6. Library applications
The discovery and biological proﬁle of a series of isoindolinone
derivatives developed as mGluR1 antagonists has been reported.
The combined strategy of rapid parallel synthesis and conventional
medicinal optimisation successfully led to analogues with im-
proved in vivo DMPK proﬁles.13
Pin1 is a member of the cis–trans peptidyl-prolyl isomerase
family with potential anti-cancer therapeutic value. A structure-
based de novo design and optimisation of novel Pin1 inhibitors
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ecule was optimised with integrated SBDD and parallel chemistry
approaches, resulting in a more attractive lead series.14
A 43-member 1,2-dioxolane library has been synthesised by
coupling a 1,2-dioxolane-3-acetic acid derivative to a range of
amines. Ten compounds had EC50s 6 30 nM against Plasmodium
falciparum 3D7 and Dd2 strains, and another 15 compounds had
EC50s 6 50 nM against both 3D7 and Dd2. The library was then
subjected to a range of in vitro DMPK assays, which revealed that
side chains with a heteroatom were required for favourable solu-
bility, log D and membrane permeability.15
Acid hydrazides have been coupled with acrylic acid derivatives
and subsequent cyclodehydration gave 1,3,4-oxadiazoles. Lastly,
in situ nitrile oxide formation from aryl oximes treated with
sodium hypochlorite, and 1,3-dipolar cycloaddition to the
exomethylene moiety delivered a library of 2-(4,5-dihydroisoxa-
zol-5-yl)-1,3,4-oxadiazoles. This library was evaluated in a high-
throughput screen and several compounds were active against
fungal pathogens and pest insects.16
Urotensin-II (UT-II) is thought to be involved in the regulation
of cardiovascular homeostasis and pathology. A head-to-tail cyclic
hexapeptide library based on UT-II sequence has been designed,
synthesised, and evaluated by the activity on the UT-II receptor
(GPR-14).17
A library of 25-membered chalcones has been prepared by par-
allel synthesis. Several compounds in the library showed in vitro
antiparasitic activity against Giardia lamblia and are potential leads
for the development of antigiardial compounds.18
A library of novel 2,3,4-triarylbenzopyrans has been synthes-
ised and evaluated for their selective estrogen receptor modulation
activity and as a therapeutic agent for breast cancer. Among the
compounds synthesised, two compounds exhibited 73.91% and
69.24% inhibition as estrogen antagonistics.19
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